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Conclusions: r

.:..::~;:~~e MSSM, certain classef f FCNC's (e.g. B -+ Itl-t, T -+ 31")
can be mediated by neutral Higg boson exchange.

-+ These FCNC's can be large and tt Y be detected before the LHC
turns on, and even if SUSY par ers are unseen; BR'8 scale as

6 fJ'tan. co,

-+' These FCNC's decouple different 11 than all other SUSY -induced
FCNC's and are not appreciabl onstrained by meson-anti-meson

mixing amplitudes.

These FCNC's may provide impO ttant clues about method of

communicating SUSY -breaking en before we see a single

superpartner! ,;
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We usually think of the MSSM as:

I Standard I

I Modell
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But in some limits it is really better I tp think like:

2 Higgs Doublet!
Standard Model

Minimal 2nd Higg
SM Doublet
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Type- II models are protected fro~ ~angerous QuHd and QdH~

couplings by a parity: Hu -t Hu t~ile Hd -t -Hdo

w == ...+ ~fHuHd

SUSY doesn't need a parity to pr t ~ect against dangerous

couplings -it has holomorphy! ,L,

Onc~ SUSY is broken, .holomorpht Ifails. ":ithout a parity,
nothIng to protect agaInst danger~,s couplIngs.
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Shortly after, Blazek, Raby and po t~ Ski put in full flavor structure

and showed that large corrections t KM matrix could be

generated. ':
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HIGGs-MEDIATED FLAVOR-CHAN~ING NEUTRAL CURRENTS
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We have generated a bRsL4> coupling.

experimentally?
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\Je~Effective Hamiltonian:
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where CIa is Standard Model and

G~a2m!~TB~f~~ 1~~Vtd/12-
647('3

1 4m2 -l

m2B'
d

I~

mB'
dx + 2m/.

C CQ210 -
mb + md'mB'

d

+~

-;~b~f-Y51



Absence of Eo -~ mixing potenti~.y important. Most SUSY

FCN C decays come from boxes: 11
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~b -E~ A 0 """",,,,~; ,.1
, ,
.-,: W '
, .---, '---

n,c,t : : n,c,t.,...,....-.
d j W j Ib

~: ,," o",-,C",,""""!) ::

I"""

}:
i=u,c,t

2

IV L
i=u,c,t

But here

cp
rvXFC

While

cI>

5



(jJ 

Experimentally, Br(B~d,s)

(CDF)

!) But theory predicts r sir d ==

first.

~.
'" With 2 fb'--1 of data in Run II, a und of <J -1) X 10-7 can

be obtained. Perhaps another ord of magnitude when going to
15 < 30) fb -1 .(ScL ACl.Mo&,J 'TT e-T t..)

=9- Lots of room for 8U8Y to be foun~ at BR's above 8M) !

prediction! r
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GENERAL n-tSULTS

A~'f\K(N 4

What are requirements on model forll~ge B -+ JLJL?

.Large tan 13

.

Large J.L

.

~ Gauginos NOT much lighter th44 squarks

AND at least one of:

B -+ J-LJ-L does NOT decouple as Msu -+ 00, but as mA -+ 00. This

is unlike other rare processes (b -+ 8 r (g -2)11.' for example). Thus

there can never be perfect correlatio between B -+ J-LJ-L and other

observables. However correlations c be found in specific models,

such as the CMSSM. 4 .~ ~c... ~\"'. ~ 8 fA f .
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Some sample models:

.:i, 

sign(JL).Defining M3 > 0, then sign(fl

.

~~i:~:~~fixed point of At d~[it negative, so sign(E2(C)) is

...

.~

Third ~eneration squarks split ~q be lighter than first two

generations. Thus sign(E2(g)) i~ ~ign(Jl). Thus gluino

contribution usually interferes .th chargino contribution.

B -t JlJl max~mized for Jl < 0 b tause of cancellations in

denominator of XFG. ;:'

~~.
But at large tan /3, mSUGRA ntqdels greatly prefer JL > 0 to

=d large negative contributiop~ to (g -2)#,,0
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GMSB:

.

(;')

.

If M is low, then running has no 1jance to generate A-terms or
squark splittings. (6) U) t"

C"" C

Generic GMSB models DO NoTP tedict much of a B -t ILIL

signal beyond the Standard Modet. -

1.

2. Large N (# of messengers) he~*s a little by increasing

Mgaugino w.r.t. Mscalar. l.J

Baek et al find that if Run II sees I ¥ -+ J-LJ-L, G MSB with N ~ 1

and M.;S 1010 GeV is ruled out, *~ any GMSB model with

tan,B .;S 50 is ruled out.

AMSB:

.

Baek et al find AMSB models alsi ruled out by B -+ JLJL

observation in Run II. "I.

.

Our calculation for AMSB not dO~ ' but early results contradict

this. Difference is probably in det Is of the b -t 8, calculation

which acts as important constrain in AMSB models.
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Flavor-Changing Neutral Currentf ~n the quark sector are "morally

eqUi~~~!:~~~~~~P~~~~11tr Vi9'ation (LFV) in the lepton
sector. 11

.....

Mass non-universality in squarks 8~eaks back in through RGE's and

the large Yt. .!.

.
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So, mass insertion is:

ij ij

where

What is M?

Worst case: MGUT.

Best case: Mpl ~ log(M/M~) ~ 10.
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With large mixing in 2-3 and 1-2, l'most popular" ansatz for mass is

I~

£ t:

1 1mv ()(- lEI
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If 
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Another option: inverted hierarchy :ansatz

11t

tmil cx: E f

t E f
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'B-:=t J1 f'"(~rST <..,lKE

At low scale~noexplici£ Yv can aJ~ear since MR » Msusy, but can

appear as log-enhanced 1J.ml mas~ fnsertion.
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FLAVOR-CHAJJIJ~ TAU DECAYS

Some algebra takes us to effecti~e Lagrangian for LFV Higgs

couplings: \ ,0:

where

t:~ Y ty;v v
1t~1 i= -

ij

~1~~"..,"

Then T -+ 3J1-:

/~t,\ n ,H",A"

._-\~ ~

~

~"'"

then

and
.111

6 4lOOGeV
Br( T -t 3J.L) = (1 X 10-7) ~ x

---

tan fJ

mA

Since B-factories are also r-facto ~ii' BaBar and Belle should be

probing the applicable range ove "e next couple years. LHC and
SuperKEKB will have more than ~ 9 r's.
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Can also observe JL -of 3e (despite lt~ny electron Yukawa!):

6 4ta,~
~

lOOGeV
x

mA

2

~

miL

100 Ge V

But i: observed, may be ONLY w~~ to reconstruct electron Yukawa

couplIng. ,lJ

T -+ 3/L and /L -+ 3e can also occu~ frith Higgs mediation -take

photon off-shell in T -+ /Ll or J.I. -+ I~...,.:

~ 0.003, ~ 0.006
Br(1L -+ e')')
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Lessons from T -t 3J.t and related ~~re LFV s:

andVR Majorana mass
matrices encoded into BR's. May be hard to decipher but many
:~~;~s could be ruled out Wi" even a single observed rare

SUSY masses entering calculatioq lare generally simple to measure

directly (slepton & gaugino ~+ses, jJ-term, tan fJ) so

calculation can be compared ~~ily .and ~ <X yj Y v extracted.

Like B -+ J.LJ.L, observation would probably rule out low-scale
gauge-mediation (or low-scale I+ediation of any sort). Requires
high-scale mediation but othe~i8e has little apparent
::~:p~:~ce on the type of mt! (mSUGRA vs. AMSB, for

These are (unique?) windows on ~*e Yukawa coupling of the light

leptons and even the neutrino,.!

1$

~ processes and (9 -2) JL and Plrt aps b -+ 8')'. And of course

T -+ IL,), and JL -+ e')'. 'J
-'


